WO 2004/058534 



PCT/SE2003/002059 



Method of regulating EGR in an internal combustion engine and vehicle with an 
engine with electronic means for applying the method. 

The present invention relates to a method of regulating, in an internal combustion engine 
in a moving vehicle, the recirculation of exhaust from the exhaust side of the engine to 
the intake side of the engine. 

The invention also relates to a vehicle with an internal combustion engine with electronic 
control means, which control the supply of fuel to the engine combustion chambers and 
recirculation of exhaust from the engine exhaust side to the engine intake side. 

During engine operation, it is generally known to continuously control, by means of the 
engine control unit via regulator valve means in a conduit between the engine exhaust 
conduit and the engine intake conduit, the amount of recirculated exhaust in relation to 
the engine operating conditions, so that the best fuel consumption is maintained at the 
same time as response and low emission requirements are fulfilled. This controlling is, 
however, momentary and intrareferential, which means that it cannot predict and take 
into account transients in the engine operating state. Such transients are, for example, 
shifting in the vehicle gearbox or momentary throttle opening on an uphill incline after 
driving with torque reduction and engine braking in a downhill incline. When driving 
with exhaust recirculation, for example, smoke can appear from the engine exhaust pipe 
in connection with the torque reduction when shifting. Smoke is produced due to the fact 
that the closing of the recirculation valve initiated by the transient occurs so late that 
there is a volume of exhaust remaining in the intake manifold, which is drawn into the 
engine combustion chambers and results in increased particle emissions. This takes the 
form of smoke. 
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The purpose of the present invention is to achieve a method of controlling the exhaust 
recirculation so that it can also be adapted to future events instead of being limited as 
today to control which is momentary and intrareferential in the engine. 

5 This is achieved according to the invention by virtue of the fact that the future driving 
resistance of the vehicle is calculated, that the time until a future transient in the engine 
operating state is calculated and that the exhaust return flow is regulated during this time 
to optimize fuel consumption and emissions when the transient takes place. 

10 This method can avoid, for example, the production of smoke when shifting, by closing 
the recirculation valve ahead of time so that the intake system has time to be emptied of 
exhaust prior to throttle closing when shifting. 

The invention is based on the control means having information on when a future 
15 shifting of gears is to take place. This information is based on information on the future 
changes in vehicle driving resistance. The invention is based on the technology which is 
described in WO 03/041988. The control unit is in this case disposed to select, with 
stored parameters and thus knowledge of at least road incline and throttle position (which 
also can include engine, turbo charger and transmission characteristics), when a future 
20 shifting of gears is to take place according to a selected shift strategy. Information on 

future driving resistance can in this case be obtained with the aid of GPS equipment and 
electronic maps with stored information on the surrounding topography. Reference is 
made to the above mentioned patent publication for a more detailed description of the 
selection of a future gearshift scheme which is optimum with reference to a selected 
25 criterion. 

A motor vehicle of the type described by way of introduction is characterized according 
to the invention in that control means are disposed to calculate, while the vehicle is 
moving, on the basis of at least road incline and throttle position, future driving 
30 resistance and the time until a future transient in the engine operating state, and to control 
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the exhaust return flow by regulating valve means during this time to optimize fuel 
consumption and emissions when the transient takes place. 

The invention will be described in more detail below with reference to examples shown 
in the accompanying drawing, where Fig. 1 shows a schematic representation of a drive 
unit for a vehicle, and Fig. 2 shows a diagram of a simulation of a moving vehicle. 

The drive unit shown in Fig. 1 in a motor vehicle A comprises an internal combustion 
engine 1, which is driven by an automated transmission 2. The engine 1 and the 
transmission 2 are controlled by an electronic control unit 3 comprising an engine control 
portion 4 and a transmission control portion 5 which communicate with each other. The 
control can be effected in accordance with the model which is described in the above 
mentioned WO 03/041988 and which is symbolized by the arrows "a" and "b" for engine 
control, and "c" and "d" for transmission control. 



6 designates an intake conduit to the engine combustion chambers and 7 indicates an 
exhaust conduit from the engine combustion chambers. The conduits 6 and 7 
communicate with each other via conduit 8 through which exhaust in the conduit 7 can 
be recirculated to the intake conduit 6. In the conduit 8, there is a valve 9 (the EGR 
valve) by means of which the volume of recirculated exhaust can be controlled 
continuously between zero (closed valve) and a predetermined maximum value per unit 
of time. The valve 9 is controlled, as symbolized by the arrow "e" in a known manner by 
the control unit 3 continuously during the operation of the engine in relation to engine 
operating conditions, so that the best fuel consumption is always obtained at the same 
time as the requirements of low particle and NO x emissions are fulfilled. 

The forward motion of the vehicle is recorded in the control unit 3 in the form of 
increasing engine rpm as a function of time, which is marked in Fig. 2 with a solid curve 
"f ' . With information on accelerator pedal position and information from the GPS 
equipment, for example, with electronic topographical maps, there can be simulated the 
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future driving resistance and the time from a current rpm to an rpm at which the next 
gearshifting in the transmission is estimated to take place. This is marked with a dotted 
extension "g" of the curve "f For a detailed description of how the vehicle driving can 
be simulated on the basis of a model, reference is made to the above mentioned WO 
03/041988. 

Within the time period marked in Fig. 2 from the current engine rpm to the rpm for the 
next gearshift, the control unit 3 regulates the EGR valve 8 towards its closed position, so 
that the engine intake conduits 6 are emptied of recirculated exhaust volumes when the 
control unit 3 reduces the engine torque and initiates gearshift. In this manner, an 
override function is obtained which takes over the momentary intrareferential engine 
control of the recirculation of exhaust to the intake side of the engine. 

Other future transients in the engine operating state than sliifting of gears and which can 
be computed in the above described manner are, for example, torque reduction when the 
vehicle approaches the crest of a hill, and torque increase after the end of a downhill 
incline. 



